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WHAT IS CLAIMED IS: 

1. A variable gain amplifier comprising: 
an input terminal op the variable gain amplifier for 
sequentially inputting / a first signal voltage and a 
second signal voltage; 

an output terminal of the variable gain amplifier 
for outputting a difference signal between the first and 
second signal voltages/; 

an operational aipplifier including a positive input 
terminal to which a | reference voltage is inputted, a 
negative input termirjal connected through a signal path 
to the input terminal J of the variable gain amplifier, and 
an output terminal dbn#L&cted to the output terminal of 
the variable gain amplifier; 

an input capaciLtor provided in the signal path 
extending from the input terminal of the variable gain 



amplifier to the 



negative input terminal of the 



operational amplifier, the input capacitor having one end 
connected through the signal path to the input terminal 
of the variable gain I amplifier , and having the other end 
connected through the signal path to the negative input 
terminal of the operational amplifier; 

a feedback capacitor having a capacitance set 
variable, provided between the negative input terminal 
and the output terminal of the operational amplifier; 

a first switlch device for connecting or 
disconnecting the signal path; 
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a second switch device for connect or disconnecting 
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an input of the reference 
input capacitor; and 

a third switch 



voltage to the one end of the 



device for connecting or 



disconnecting the negative input terminal and the output 
terminal of the operational amplifier. 

2. The variable gain amplifier according to claim 1, 
wherein the feedback capacitor includes a plurality of 
capacitors, and, by one or more switch devices, one or 
more capacitors necessary for setting a capacitance of 



the feedback capacitor c 
of capacitors. 

3 . A variable 

difference signal betwe 
second signal voltage , 



ii^be selected from the plurality 



gain amplifier outputting a 
jen a first signal voltage and a 
therein the first signal voltage 
and the second signal vkltage are sequentially inputted, 
the first signal voltaae and the second signal voltage 
are converted to charges to generate the difference 
signal therebetween, andl a gain is adjusted according to 
an amplitude of the d4fference signal to output the 
difference signal having fen output level adjusted. 
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4. A solid-state \imaging device in which an optical 
signal is converted intd an electric signal, the electric 
signal is converted into a digital signal, and the 
digital signal is outputted, comprising: 

(a) a plurality of photoelectric conversion devices 



arrayed in rows and column^, for converting the optical 
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signal into the electrize signal and output ting a signal 
voltage ; 

(b)a variable gaiA amplifier provided for each of 
the columns, the variable gain amplifier including 

( i ) an input terminal of the variable gain 
amplifier for sequentially inputting a first signal 
voltage and a second signal voltage, 

(ii) an output! terminal of the variable gain 
amplifier for output tdjng a difference signal between the 
first signal voltage and the second signal voltage, 

(iii) an opera :ional amplifier having a positive 
input terminal for llnputting a reference voltage, a 
negative input terminal connected through a signal path 
to the input terminal of the variable gain amplifier, and 
an output terminal connected to the output terminal of 
the variable gain amplifier. 



(iv)an input 
path extending from t 



capacitor provided in the signal 
he input terminal of the variable 
gain amplifier to thi negative input terminal of the 
operational amplif ier , 1 the input capacitor having one end 
connected through the Ssignal path to the input terminal 
of the variable gain amplifier and having the other end 
connected through the signal path to the negative input 
terminal of the operational amplifier, 

(v)a feedback capacitor having a capacitance set 
variable, provided between the negative input terminal 
and the output terminal! of the operational amplifier, 
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(vii)a second 



(viii)a third 



(vi)a first switch device for connecting or 
disconnecting the signal path, 

switch device for connecting or 
disconnecting an input of the reference voltage to one 
end of the input capacitor, and 

switch device for connecting or 
disconnecting the negative input terminal and the output 
terminal of the operatilonal amplifier; and 

(c)an analog/digital conversion circuit for 
10 converting the difference signal outputted from the 

variable gain amplifier B into a digital signal, 

5. The solid-state imaging device according to 
claim 4, further comprising: 

a plurality of capacitors constituting the feedback 
15 capacitor ; and 

a plurality of switch devices, 

wherein one or more capacitors necessary for 
setting the capacitance of the feedback capacitor can be 
selected from the plurality of capacitors by one or more 
20 switch devices among said plurality of switch devices. 



6, A solid-state imaging device in which an optical 



signal is converted into 



signal is converted iiuto a digital signal, and the 



digital signal is output 
a plurality of p 



an electric signal, the electric 



:ed , comprising : 

lotoelectric conversion devices 
arrayed in rows and coliunns, for converting the optical 
signal into the electric signal and outputting a signal 



voltage; | 

a variable 1 gain amplifier for sequentially 
inputting a first signal voltage obtained by converting 
an optical signal into the electric signal and the second 
signal voltage obtained by initializing the photoelectric 
conversion device, converting the first signal voltage 
and the second signal voltage into charges to generate 
the difference signal \ therebetween , and adjusting a gain 
according to an amplitude of the difference signal to 
output the difference^ signal having an output level 

adjusted. I 

7. The solid-state imaging device according to 
claim 4, wherein each of the photoelectric conversion 
devices further includes: 

(i) a photodetector; and 

(ii) an insulated gate field effect transistor for 
optical signal detection, provided adjacently to the 
photodetector, the insulated gate field effect transistor 
for optical signal detection including a heavily doped 
buried layer for storing photo -generated charges 
generated by the photodetector, the heavily doped buried 
layer being provided around a source region under a 
channel region below a gate electrode, and 

the first signal voltage and the second signal 
voltage are outputted from the source region of the 
insulated gate field effect transistor for optical signal 
detection. 
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8. An optical signal /reading method for converting 



an optical signal into an 
electric signal into a 



? 

4l< 



lectric signal, converting the 
digital signal, and then 
outputting the digital sigfial, the optical signal reading 
method comprising the steps of : 

irradiating a photoelectric conversion device with 
an optical signal; 

outputting a first signal voltage obtained by 
converting the optical signal into an electric signal; 
10 \ converting the first signal voltage into charges and 

storing the charges; 

outputting a second signal voltage at an 

1 

initialization of the photoelectric conversion device; 

converting the second signal voltage into charges; 
15 generating a difference signal between the first 

signal voltage stored as the charges and the second 
signal voltage converted linto the charges, adjusting a 
gain according to an amplitude of the difference signal, 
and generating a difference^ signal having an output level 
20 adjusted; and 

converting the dif ferdnce signal having the output 

level adjusted into a digitalL signal. 

9 . The optical signal reading method according to 
claim 8, wherein a plurality of the photoelectric 
25 conversion devices are arrayed in rows and columns, and 

the difference signal having the output level adjusted is 
outputted for each column. 
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10. An optical signal reading method according to 
claim 9, wherein each of the photoelectric conversion 
devices includes 

(i)a photodetector , and 
5 (ii)an insulated gate field effect transistor for 

optical signal detection, provided adjacently to the 
photodetector, the insulated gate field effect transistor 
for optical signal detection including a heavily doped 
buried layer for storing photo -generated charges 
10 generated by the photodetector, the heavily doped buried 

layer being provided around a source region under a 



ru 

ry channel region below a gate electrode, and 



the first signal voltage and the second signal 
voltage are outputted from the source region of the 
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15 insulated gate field effect transistor for optical signal 



detection. 



11. The optical s.gnal reading method according to 
yj^ claim 10, wherein a variable gain amplifier is provided 

\^ in each of the columns, the variable gain amplifier 

20 includes 

(i)an input terminal for sequentially inputting 



and the second signal voltage, 
terminal for outputting a 
the first signal voltage and 



the first signal voltage 

( ii ) an output 
difference signal be twee! 

25 the second signal voltage 

(iii) an operational amplifier having a positive 
input terminal for inputting a reference voltage, a 
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negative input terminaL connected to an input terminal of 
an integrating circuit/, and an output terminal connected 
to an output terminal pf the integrating circuit, 

(iv) an input capacitor provided in a signal path 
extending from the Input terminal of the integrating 
circuit to the negative input terminal of the operational 
amplifier, the input I capacitor having one end connected 
through the signal path to the input terminal of the 
integrating circuit Lnd having the other end connected 
through the signal path to the negative input terminal of 
the operational amplifier, 

(v) a feedback capacitor provided between the 



negative input terminal and the output terminal of the 



operational amplifier i 

first 



switch device for 

ng a signal path extending from the 
integrating circuit to one end of 



switch 



device 



for 



(vi) a 

connecting/disconnect i 
input terminal of the 
the input capacitor, 

(vii) a second 
connecting/disconnecting an input of the reference 
voltage to one end of the input capacitor, and 

(viii) a ttird switch device for 
connecting/disconnectii g the negative input terminal and 
the output terminal of the operational amplifier, and 

the method comprises the steps of 

(a) adjusting a gdin by adjusting a ratio of a 
feedback capacitance witn respect to an input capacitance 
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so as to set the difference signal within a requested 
range of an input jboltage of an analog signal at 
converting the difference signal into the digital signal; 

(b) transferring photo -generated charges generated by 
the photodetector an4 storing them in the heavily doped 
buried layer of |he insulated gate field effect 
transistor for optical signal detection, while connecting 
the second and third switch devices to initialize the 
input capacitor and :he feedback capacitor; 

(c) then, connecting the first and third switch 

ing the second switch device, 

voltage according to the photo - 
stored in the heavily doped buried 



devices , disconnect 
outputting a signal 
generated charges s 



layer from the insulated gate field effect transistor for 
optical signal detection, and then converting the signal 
voltage into charges and storing them in the input 



capacitor as charges 



r I 



(d) then, connecting the second switch device and 
disconnecting the third switch device, so as to transfer 
the charges of the f-Lrst signal voltage stored in the 
input capacitor to the! feedback capacitor; 

(e) then, discharging the photo -generated charges 
remaining in the heaviliy doped buried layer to initialize 
the photoelectric conversion device, thereafter 
connecting the first switch device, disconnecting the 
second and third switch devices, outputting a second 
signal voltage in trie initialized state of the 
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photoelectric conversj/pn device from the insulated gate 
field effect transistor for optical signal detection, 
then converting the second signal voltage into charges, 
and storing a difference between the charges of the first 
signal voltage and /the charges of the second signal 
voltage to generate tihe difference signal; and 

(f)then, adjusting a gain by adjusting a ratio of 

and the feedback capacitor so as to 
signal within a range of an analog 
Ls converted into the digital signal, 
difference signal having the output 
the operational amplifier to each of 



the input capacitor 
set the difference 
input voltage which 
and output ting the 
level adjusted from 



arrayed in rows and 



the columns. 

12. A solid- stdte imaging device comprising: 

I 

a plurality of photoelectric conversion devices 

columns, for converting an optical 
signal into an electric signal and outputting the 
electric signal; 

an amplifier provided for each of the columns, for 
sequentially inputting a first signal voltage obtained by 



converting the optical signal into the electric signal, 

and a second signal voltage obtained by initializing the 

1 

photoelectric conversion device, for converting the first 
signal voltage and the|second signal voltage into charges, 
and for outputting a difference signal between the first 
signal voltage and the second signal voltage; 

a video signal output terminal for outputting the 
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difference signal outputted from the amplifier as a video 
signal corresponding vp the optical signal; and 

a switching means \provided between the amplifiers of 
at least two columns, for mixing the difference signals 

_5 of at least two columns . 

13. The solid-state imaging device according to 
claim 12, wherein the amplifier is a variable gain 
amplifier in which the first signal voltage and the 
second signal voltage are sequentially inputted, the 
10 first signal voltage and the second signal voltage are 

converted into charges, the difference voltage 
therebetween is generated, a gain is adjusted according 
to an amplitude of the difference signal, and a 
difference signal adjusted in a output -level is outputted. 
15 14. The solid-state imaging device according to 

claim 13, wherein each of the photoelectric conversion 
devices includes: 

(i) a photodetector ; and 

(ii) an insulated gate field effect transistor for 
20 optical signal detection, provided adjacently to the 

photodetector, the insulated gate field effect transistor 
for optical signal detection including a heavily doped 
buried layer for storing photo -generated charges 
generated by the photodetector, the heavily doped buried 
25 layer being provided around a source region under a 

channel region below a gate electrode, and 

the first signal voltage and the second signal 
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voltage are outputted from the source region of the 
insulated gate field effect transistor for optical signal 
detection. 



15 . An optical ^Lgnal reading method of a solid- 
state imaging device whjLch includes 

(i)a plurality op photoelectric conversion devices 
arrayed in rows and qolumns, for converting an optical 

c signal and for outputting the 



signal into an elect 
electric signal, 

( ii ) a plurality 



of amplifiers provided for the 



respective columns, each of the amplifiers being for 



sequentially inputting 
convert ing the opt ical 



a first signal voltage obtained by 
signal into the electric signal, 
and a second signal vdltage obtained by initializing the 
photoelectric conversion device, for converting the first 
signal voltage and the second signal voltage into charges, 
and for outputting a difference signal therebetween, and 

(iii)a video sigial output terminal for outputting 
the difference signal putputted from the amplifier as a 

Lng to the optical signal, 
the method comprising the steps of; 
mixing the difference signals from the amplifiers of 
at least two columns; ana 

outputting an outpul| signal from the amplifiers 

25 16. The optical signal reading method according to 

claim 15, wherein each of the photoelectric conversion 
devices includes 



video signal correspond 
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(i) a photodetector, and 

(ii) an insulated gate field effect transistor for 
optical signal detection, provided adjacently to the 
photodetector, the insulated gate field effect transistor 
for optical signal detection including a heavily doped 
buried layer for storing photo -generated charges 
generated by the photodetector, the heavily doped buried 
layer being provided around a source region under a 
channel region below a gate electrode, and 

the first signal voltage and the second signal 
voltage are outputted from the source region of the 
insulated gate field effect transistor for optical signal 
detection. 



17. The optical signal reading method according to 
15 claim 16, wherein an amplifier and a pixel mixing switch 

are provided in each of the columns, the amplifier 
includes 

(i)an input termiial for sequentially inputting a 
first signal voltage and a second signal voltage, 
20 (ii)an output terminal for outputting a difference 

signal between the first signal voltage and the second 
signal voltage, 

(iii)an operational amplifier having a positive 
input terminal for inputting a reference voltage, a 
25 neqative input terminal connected to an input terminal of 

output terminal connected to an 



negative input terminal 
the amplifier , and an 



output terminal of the anplifier. 



(iv) an input capacitor provided in a signal path 
extending from the input terminal of the amplifier to the 
negative input terminal of the operational amplifier, the 
input capacitor having /one end connected through the 
signal path to the inpujb terminal of the amplifier and 
having the other end connected through the signal path to 

the negative input terminal of the operational amplifier, 

I 

(v) a feedback capacitor provided between the 
negative input terminal and output terminal of the 
operational amplifier, 

(vi) a first j switch device for 
connecting/disconnecting ( the signal path, 

(vii) a second switch device for 
connecting/disconnecting! an input of the reference 
voltage to the one end of the input capacitor, and 

(viii) a third switch device for 



connecting/disconnecting | the negative input terminal and 
output terminal of the operational amplifier, and 

the pixel mixing! switch connects the negative 
input terminals the operational amplifiers of at least 
two columns, and 

the method comprises Ithe steps of 

(b) transferring photon generated charges generated by 
the photodetector to the ttieavily doped buried layer of 
the insulated gate field j^ffect transistor for optical 
signal detection and storing the charges therein, while 
connecting the second ana third switch devices to 
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initialize the input J capacitor and the feedback 
capacitor; I 

( c ) then , connecting! the first and third switch 
devices, disconnecting the second switch device and the 
pixel mixing switch device, and thus outputting a first 
signal voltage corresponding to the photo -generated 
charges stored in the hejavily doped buried layer from the 
insulated gate field effect transistor for optical signal 
detection, and converting the first signal voltage into 
charges and storing the [charges in the input capacitor; 

(d) then, connecting the second switch device, 
disconnecting the thi rd switch device , and thus 
transferring the charges of the first signal voltage 
stored in the input capacitor to the feedback capacitor; 
and 

(e) then, discharging the photo -generated charge 
remaining in the heavily [doped buried layer to initialize 
the photoelectric conversion device , thereafter 
connecting the first switch device and the pixel mixing 
switch device, disconnecting the second and third switch 
devices, outputting a second signal voltage in the 
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initialized state of the Photoelectric conversion device 
from the insulated gate I field effect transistor for 
optical signal detection, I thus converting the second 
signal voltage into charges land storing them in the input 
capacitor, then mixing the \charges of the first signal 
voltages from the photoelectric conversion devices of at 
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least two columns and -tfhe charges of the second signal 
voltage therefrom through the pixel mixing switch device 
connecting the negative input terminals of the 
operational amplifiers/ of the at least two columns, and 
then outputting an optput signal from the operational 
amplifier. 



